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APPARATUS FOR MEASURING AND/OR MONITORING 
FLOW OF A MEDIUM 

The invention relates to an apparatus for measuring and/or monitoring flow of 
a medium to be measured, which flows through a measuring tube in the 
direction of the longitudinal axis of the measuring tube. The apparatus 
includes: A magnet arrangement, which produces a magnetic field passing 
through the measuring tube and directed essentially transversely to the 
longitudinal axis of the measuring tube; two measuring electrodes, which are 
galvanically or capacitively coupled with the medium to be measured and 
which are arranged in such a manner that a measured voltage is induced in 
them, evoked by the medium to be measured; and an evaluation/control unit, 
which provides, on the basis of the voltage induced in the measuring 
electrodes, information concerning the volume flow of the medium in the 
measuring tube; wherein signal lines are provided via which the measured 
signals are conveyed between the measuring electrodes and the 
control/evaluation unit. 

Magneto-inductive flow measuring devices use the principle of electrodynamic 
induction for the volumetric measurement of flow: Charge carriers of the 
medium moved perpendicularly to the magnetic field induce an induced 
voltage in measuring electrodes, which are likewise essentially perpendicular 
to the flow direction of the medium and, as well, perpendicular to the magnetic 
field. This voltage induced in the measuring electrodes is proportional to the 
flow velocity of the medium averaged over the cross section of the tube; it is 
thus proportional to the volume flow rate. 

An object of the invention is, among other things, to lead the signal lines of a 
magneto-inductive measuring device in a space saving manner from the 
measuring electrodes to the transmitter. 

The object is achieved by integrating the signal lines into the magnet 
arrangement, at least in predetermined sections thereof. Preferably, the 
signal lines are arranged in an essentially planar structure. An advantageous 
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embodiment of the apparatus of the invention provides that the signal lines 
are placed in a planar structure on a carrier material. Preferably, the carrier 
material is flexible. The planar structure in which the signal lines are arranged 
is preferably a flexprint. 

Especially is the solution of the invention suited for integrating signal lines into 
a flexprint in connection with magneto-inductive measuring devices of small 
nominal diameters. By way of example, magneto-inductive measuring 
devices for batch operation are to be noted here, such as are sold by the 
assignee under the mark DOSIMAG. The commonly used signal lines are 
electrode cable, which are led from the measuring electrodes around one of 
the two coil arrangements in the direction of the transmitter and there 
soldered, or electrically contacted, as the case may be. 

Such an arrangement is not quite without problems for the following reasons. 
Due to the leading of the two electrode cables around the coil arrangement, 
the area covered between the two electrode cables over a rather large 
distance is relatively great. There is then an increased danger that disturbing 
magnetic field lines will pass through the covered area and in this way induce 
interference currents in the electrode cable. These disturbing currents 
superimpose on the actual measurement current which leads to an increased 
inaccuracy in the measuring of the magneto-inductive flow measuring device. 
Also not quite problem free is the solution known from the state of the art to 
the extent that, because of design constraints, an area is covered between 
the electrode cables, which is perpendicular to the magnetic field produced by 
the magnetic arrangement. Also for this reason, disturbance currents can be 
induced in the electrode cables and have a negative effect on the accuracy of 
measurement. 

By integrating the signal lines in the flexprint and by the resulting exact 
positioning of the signal lines in the region between the measuring electrodes 
and the transmitter, a very symmetric and defined leading of the lines can be 
realized. Both aspects are, with reference to accuracy of measurement, of 
considerable importance, since, with a leading of the lines which remains the 
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same and is defined for all manufactured magneto-inductive measuring 
devices, then suitable countermeasures can be used for canceling 
disturbance currents from the coil circuit of the magnetic arrangement. A 
further advantage of the embodiment of the apparatus of the invention as 
flexprint is to be seen in the space saving leading of the lines between the 
measuring electrodes and the transmitter. Especially to be emphasized in this 
connection is the placing of the flexprint in place of a pole shoe lamella in a 
pole shoe. As already indicated, this embodiment is especially advantageous 
in the case of magneto-inductive measuring devices of small nominal 
diameters. Furthermore, by the embodiment of the invention, the mounting of 
a magneto-inductive measuring device is considerably simplified. That saves 
time and costs. 

According to an advantageous further development of the apparatus of the 
invention, the signal lines are arranged on one side of the carrier material, 
symmetrically to the longitudinal axis of the carrier material, with the 
longitudinal axis being directed essentially parallel to the principal axis of the 
magnetic field. Additionally, the signal lines are so arranged on the carrier 
material that the area between the signal lines is minimal. By these 
measures, it is largely possible to prevent that electrical currents are induced 
in the signal lines due to disturbances from the coil circuit of the magnet field 
arrangement. 

An advantageous embodiment of the apparatus of the invention provides that 
each magnet arrangement includes a pole shoe with the pole shoe being 
constructed of a plurality of pole shoe lamellae. In this connection, it is 
viewed as especially favorable when the signal lines or the carrier material 
carrying the signal lines are, or is, as the case may be, arranged in one of the 
two pole shoes. 

Preferably, the carrier material on which the signal lines are provided has the 
form of a pole shoe lamella; this planar structure is inserted into the pole shoe 
in place of the centrally arranged pole shoe lamella. As already mentioned 
above, this form of embodiment permits a very space saving leading of the 
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signal lines from the measuring electrodes toward the transmitter. The 
connection of the signal lines arranged on the flexprint, i.e. on the carrier 
material, with the transmitter is done, for example, by soldering or by 
mechanical clamping. Moreover, further provided on the carrier material are 
essentially planar, electronic components which can serve, among other 
things, for effectively compensating or neutralizing remaining inductive in- 
coupling outside of the flexprint. Since these remaining in-couplings are 
optimally known due to the known and defined leading of the signal lines, they 
can be effectively canceled. 

In an advantageous embodiment of the apparatus of the invention, a 
mechanical coding is provided on the carrier material. This is so designed 
that the danger of a wrong connecting of the signal lines by switching of their 
polarities during manufacture and assembly of the pole shoe is minimized. 

The invention will now be explained in further detail on the basis of the 
appended drawings, the figures of which show as follows: 

Fig. 1 a schematic drawing of a magneto-inductive flow measuring device; 

Fig. 2 a perspective drawing of a leading of the signal lines known from 
the state of the art, between the measuring electrodes and the 
transmitter, in the case of a magneto-inductive flow measuring 
device; 

Fig. 2A a top view onto the pole shoe according to the arrow A in Fig. 2; 

Fig. 3 an exploded drawing of a first embodiment of the arrangement, 
according to the invention, of the signal lines in a flexprint; 

Fig. 3A a top view onto the embodiment shown in Fig. 3 according to the 
arrow B in Fig. 3; 
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Fig. 4 an exploded drawing of a second embodiment of the flexprint of the 
invention; and 

Fig. 5 a perspective view of a pole shoe of the invention with integrated 
flexprint. 

Fig. 1 shows a schematic drawing of a magneto-inductive flow measuring 
device 1 known from the state of the art. The measuring tube 2 of the flow 
measuring device (not separately shown in the drawing) contains a medium to 
be measured (likewise not separately shown) going through it in the direction 
of the measuring tube axis 10. The medium to be measured is at least slightly 
electrically conductive. Measuring tube 2 itself is manufactured of a 
nonconductive material, or, at least, it is internally coated with a 
nonconductive material. 

As a result of a magnetic field directed perpendicularly to the flow direction of 
the medium to be measured and produced usually by two diametrically 
arranged electromagnets (which are likewise not shown in the drawing). 
Charge carriers located in the medium to be measured migrate to the 
oppositely poled, measuring electrodes 3, 4. The voltage arising between the 
two measuring electrodes 3, 4 is proportional to the flow velocity of the 
medium to be measured, averaged over the cross section of the measuring 
tube 2; i.e., it is a measure for the volume flow rate of the medium to be 
measured in the measuring tube 2. It is to be noted also that measuring tube 
2 is connected via connecting elements (not separately shown in the drawing) 
with a pipeline through which the medium to be measured is flowing. 

Via the signal lines 5, 6, the measuring electrodes 3, 4 are connected with the 
control/evaluation unit 7. Via the connecting line 9, moreover, measured data 
can be forwarded to the display unit 8. 

Figs. 2 and 2A show the leading of the electrode cables between the 
measuring electrodes 3, 4 and the transmitter compromised at least of the 
control-evaluation unit 7. The electrode cables leading away from the 
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measuring electrodes 3, 4 run on opposite, lateral surfaces of the pole shoe 
12. The opposite pole shoe of the magnet arrangement is not separately 
shown in Fig. 2. Pole shoe 12 is composed preferably of a plurality of 
assembled pole shoe lamellae 13. The layered construction of the pole shoe 
12 suppresses eddy currents. In the region of the virtual surface 17, the 
electrode cables 5, 6 exhibit a change in direction. This is well illustrated in 
Fig. 2A, which shows a top view onto the virtual surface 12. The area 
between the two electrode cables 5, 6 in this region is oriented perpendicular 
to the magnetic field produced by the magnet arrangement. In this region, the 
danger that disturbance currents might be induced in the electrode cables 5, 6 
is especially great. 

Figs. 3 and 4 show, in each case, exploded drawings of embodiments of the 
arrangement of the signal lines 15, 16 according to the invention in a layer 
structure integrated, in the illustrated case, into a flexprint 14. Flexprint 14 
replaces in such case, as can be seen especially in Fig. 5, one of the pole 
shoe lamellae 13 of the pole shoe 12. Preferably, the replaced pole shoe 
lamella 13 is a pole shoe lamella 13 situated in the middle. 

In the illustrated case, the signal lines 15, 16 are applied onto the carrier layer 
27, or they are etched from a conductive coating of the carrier layer 27. 
Carrier layer 27 is preferably a flexible carrier layer 27. The flexible carrier 
layer 27 has, like the other layers 25, 26, 28 of the planar carrier structure, in 
the region of the pole shoe 13 essentially the form of a pole shoe lamella 13. 

The two signal lines 15, 16 are symmetrically and, in high measure, definedly 
arranged about the longitudinal axis 34 of the flexible carrier layer 27. Over 
long distances, the two signal lines 15, 16 are arranged tightly next to one 
another. In this way, the area between the two signal lines 15, 16, particularly 
that which is perpendicular to the time-varying magnetic field, is minimized. 
On the other hand, the flexprint 14 in the form of pole shoe lamella 13, 
because of its planar structure, disturbs the functioning of the pole shoe 12 
relatively little. 
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Fig. 3A shows the layered construction of the preferred embodiment shown in 
Fig. 3 of the flexprint 14 of the invention. Flexprint 14 is composed of four 
layers, which are described from the left to the right: a first insulating layer 25, 
a first shielding layer 26, a carrier layer 27 carrying the signal lines 15, 16, and 
a second shielding layer 28. The insulating layer 25 is manufactured of an 
insulating material. The first shielding layer 26 is on the lateral surface 19, 
which faces the insulating layer 25 provided, with a conductive coating. The 
other lateral surface 20 of the first shielding layer 26 is electrically insulating. 
On the lateral surface 21 of the carrier layer 27, signal lines 15, 16 are 
arranged. The second lateral surface 22 of the carrier layer 27 is insulating. 
In the case of the second shielding layer 28, the lateral surface 23 facing the 
insulating lateral surface 22 of the carrier layer 27 is provided with a 
conductive coating. The outer surface 24 of the second shielding layer 28 is 
embodied in the form of an insulating layer. The purpose of the first and 
second shielding layers 26, 28 is to protect the signal lines 15, 16 from 
disturbing electric fields. 

An essential advantage of using the flexprint 14 instead of the electrode cable 
used in the state of the art is to be seen in the fact that a wrong connecting of 
the signal lines 15, 16 by switching of their polarities during assembly of the 
flow measuring device 1 is essentially excluded. In order to switch the signal 
lines 15, 16, the portion of the flexprint 14 extending out of the pole shoe 
would have to be twisted 180 degrees. 

The flexprint 14 of Fig. 4 differs from that shown in Fig. 3 only in a few details. 
On the carrier layer 27 and on the first shielding layer 26 respectively, a cutout 
31 and a tongue 32 are provided, which assume the function of a mechanical 
coding. In this way, it is assured that the flexprint 14 is correctly assembled. 

In Fig. 4 on a lateral surface of the layer 26 and on a lateral surface of the 
layer 28, in each case an electronic component 29 is arranged. These 
electronic components can, among other things, serve, as already indicated 
above, for the compensating of remaining disturbance in-couplings. 
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Fig. 5 shows the arrangement of the signal lines 15, 16 according to the 
invention in a flexprint 14, which is integrated into a pole shoe 12. Flexprint 
14 is so arranged in the pole shoe 12 that it, in effect, replaces the middle 
pole shoe lamella. The part of the flexprint 14 extending below beyond the 
pole shoe 12 carries the connecting rings 30 for the measuring electrodes 3, 
4. The part of the flexprint 14 extending above has, in the upper region, taps 
33 for the electrical connection to the transmitter, or to the control/evaluation 
unit 7, as the case may be. 

The solution of the invention distinguishes itself by a compact, modular 
construction, whereby the complexity of assembly can be significantly 
reduced, especially for a magneto-inductive flow measuring device. 
Furthermore, a wrong connecting of the measuring electrodes 3, 4 by 
switching of their polarities is excluded with a probability bordering on 
certainty. Due to the defined, symmetric leading of the signal lines 15, 16 
made possible by the planar structure, the influence of undesired induced 
currents is reduced to a minimum level. Remaining residual currents can be 
targeted for elimination by the introduction of corresponding electronic 
components. 
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